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• Optical delay system 
• Reference light for normalization of laser’s fluctuation
• Elimination of noise by 2 shutters (beam on/off, laser on/off)
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0.8-1.0nC
4mm
3ps

0.8-1.0nC
4mm
7ps

Charge
Beam size
Pulse width
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Condition

Results
- O.D. still low
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Time resolution vs. dose
(1) 2~3ps : pulse width (EB)
(2) 100fs : pulse width (laser)
(3) <1ps : synch.
(4) 5ps /5mm : ∆t passing through H2O

→ Thinner cell & focused EB

OK

Note: O.D. = ε C l  
l↓ for better time resolution, but O.D.↓
then, C↑ for O.D.→

H2O(5mm)EB

>40Gy/pulse13-15GyDose
2ps3psPulse width

3mm4mmBeam size
1.7-2.0nC0.8-1.0nCCharge
CurrentPrevious

Estimation of dose by RadColor

Introduction of white light continuum
- 795nm → white
- Worse stability of intensity
- S/N↓ then average↑

CurrentPrevious
400-1100nm795nmWavelength

6416Average
~0.015 OD~0.005 ODNoise

- Accumulation 2000pulses
- Red region corresponds to 80-100kGy

Improvement
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• Time behaviors of eaq
- at 700nm

Results

Time resolution: δtotal
δtotal = δdiff + (δE

2 + δL
2 + δsync

2 )1/2

Dominant factor： δdiff
due to refractive index n=1.33

Radiolysis of water measured at 700nm www.utnl.jp/~beam
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Good agreement



  SPR KPR Dose Scav. Sim. G(time)  
1970 Tront      --- Kinetics only 
1973 Tront ●  ●   4.0(30ps)  

  ● ●    4.0(30ps)  
1973 ANL  ● ●   4.1(200ps) Sub-ns KPR 
1975 Tront ●   ●    

   ●  ●  4.6(dry) Dry electron 
1976 ANL ●  ● 

(1973)
  4.6(100ps) 

4.1(1ns) 
Reconcilation 

1973 
1985 Hokkaido ●    ● 4.8(30ps)  
1985 

- 
1996 

    ● ●   

1996 NDRL 
& ANL 

● ●    4.8(100ps) Reconciliation 
1976 

1999 ANL ● ●    4.0 
(time zero) 

Fs laser 
Reconciliation 

2000 Tokyo ● ● ●     

G [molecules/100eV]
www.utnl.jp/~beam

Beam-Material InteractionsG-value of the solvated electron

nH2O

H2O+ + e-

H2O* → H2O+ + e-

- Initial G： 4.0~4.8
- Primary G: 2.7

Reported G(eaq
-)

Which G is reliable ?

epre
- → eaq

-

eaq
- , H3O+, H, OH, H2, H2O2

＜1ps

~100ns
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• G(eaq
-) measured at 795 & 633nm

• Ps by SPR (795nm)
• Ns by KPR(He-Ne laser) (633nm)

Condition

G(20ps)=4.17±0.22

Time resolution

Note1 : O.D. already normalized by charge
Note2 : O.D. at 633nm normalized by ε

ε : 15500(633nm), 16800 (795nm)

Stroboscopic method Kinetic method

ArGas

64Average

0.8-1.0nC
4mm
3ps

Charge
Beam size
Pulse width

18 mml / mm

H2OSample

[1] Y. Muroya, J.-P. Jay-Gerin, Y. Katsumura et al,
Can. J. Chem., 80 (2002) 1367
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G(MeOH) = 4.1 @50ps
G(EtOH)  = 3.6 @50ps
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64Average
10 mml / mm

MethanolSample

Dose : 37Gy

• Initial G(esol
-) measured at VIS&IR

Condition

Procedure of G-value determination
(1) H2O measurement at 700nm
(2) Dose calculation
(3) Alcohols measurement at λmax
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ε is correct?

Shorter τ
Larger dielectric constant→ large G

fs laser reported
-esol

- doesn’t recover ~10%

esol
-(MeOH) > esol

-(EtOH) ~ eaq
-

Necessity to measure 
whole time region from ps to µs

366006.16000
(600nm)

1,3-Propanediol
(1.05)

330004.0
8250

(600nm)
Glycerol
(1.26)(1,2,3-PrTri)
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(1.04)(1,2-PrD)

768004.218300
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H2O
(1.00)
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(1.1)
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1-decanol
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1-butanol
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1-propanol
(0.80)

356403.6
9900

(700nm)
Ethanol
(0.79)

410004.110000
(600nm)

Methanol
(0.79)

Initial GεInitial Gε /M-1cm-1Solvent (ρ /cm3)

??
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Report

This work
18077502813τ (ps)@1100nm
5130241810τs (ps)

32

9
PrOH

10
BuOH

15119τ (ps)@700nm or 600nm

2210τ (ps)@1300nm

DeOHEtOHMeOH

• Formation time is faster than previous reports
• Decay appreciates with previous reports
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• G(eaq
-) measured from VIS to IR

Condition

<700nm : O.D.(alkali) > O.D.(neat)
>700nm : O.D.(alkali) < O.D.(neat)

20% absorption increase
7% density increase Increase of G
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• Development of new pulse radiolysis system combined with
laser photocathode rf-gun and fs white light continuum
has been almost completed.

• <4ps time resolution was achieved.

• It has been started application of the system to clarify
radiation-induced fast processes, i.e., G-value of eaq

- ,
esol

- from several kinds of alcohol.


